In this note we study the value distribution of solutions of certain difference equations analogous to differential equations, the finite order solutions of which do not have wandering domains. Meanwhile, the nonexistence of wandering domains of solutions with finite order of these difference equations is proved. Thus the nonexistence of wandering domains of solutions of these difference and differential equations is similar in some extent. MSC: Primary 30D05; 37F10; secondary 37F50
Introduction and main results
Let f be a nonlinear meromorphic function, the Fatou set F(f ) is the set of points z ∈ C such that iterates of f , (f n ) n∈N , form a normal family in some neighborhood of z. U n = U m for all n = m, then U is called a wandering domain of f . Otherwise U is called pre-periodic and U n = U for some n ∈ N, then U is called periodic. An introduction to iteration theory can be found in [] . Sullivan [] proved that rational functions do not have wandering domains. However, transcendental meromorphic functions may have wandering domains (for example, see [-]), while many classes of meromorphic functions do not have wandering domains (for example, see [, -]). In [] , the nonexistence of wandering domains is proved by Wang for a meromorphic function f of finite order satisfying some first order nonlinear differential equations, see the following two theorems.
Theorem A Let q(z) be a rational function, p(z) be a polynomial and m, n ∈ N, t ∈ N ∪ {}, a ∈ C\{}. Suppose that f is a meromorphic solution of the differential equation
Then f does not have wandering domains.
Theorem B Let q(z) be a rational function, p(z), Q(z) be two polynomials and m, n ∈ N.
Suppose that f is a meromorphic function of finite order satisfying the differential equa-
Then f does not have wandering domains.
We also assume that the readers are familiar with basic Nevanlinna's value distribution theory and its standard notations such as m(r, f ), N(r, f ), T(r, f ). S(r, f ) denotes any term satisfying S(r, f ) = o(T(r, f )) as r → ∞ outside some exceptional set of finite measure; see [, ] as references for Nevanlinna theory. Also, we use the notations σ (f ), λ(f ) to denote the order of f , exponent of convergence of zeros of f , respectively, as usual. Halburd In this note, we study the value distribution and dynamical properties of the solutions of difference equations which are analogous to differential equations () and (). We use f c to denote the shift f (z + c) of f (z), where c is a nonzero constant.
A general form difference equations analogue of differential equation () is as follows:
where a is a nonzero constant, P(z, f ) is a polynomial in f with degree p, the coefficients of P(z, f ) are small functions of f . We obtain the following results with regard to equation ().
Theorem  If equation () admits a finite order meromorphic solution f , then f is rational.
The following example shows that there are rational solutions satisfying equation ().
By Sullivan's no existence of wandering domains for rational function, we obtain the following dynamical property for the finite order solutions of (), which is similar to the dynamical property of solutions of equation ().
Corollary  The finite order meromorphic solutions of () do not have wandering domains.
We also consider the difference equation analogous to differential equation (). Its general form is as follows:
where q(z), Q(z) are nonconstant polynomials and P(z, f ) is a polynomial in f with polynomials as coefficients. Replace f (z + c) by f (z) in (), the equation can be written as
Without loss of generality, we only consider that () below is enough. Firstly, we study the growth of the finite order solutions of it.
Theorem  Let q(z), Q(z) be nonconstant polynomials and P(z, f ) be a polynomial in f with degree p, the coefficients of P(z, f ) are also polynomials. If n > p and f is a finite order entire solution of the difference equation
In the following, we shall show the properties of the solutions of the following difference equation (), which is a special case of ().
Theorem  Let m, n ≥  be integers and n > m, m|n, let c ∈ C\{}, and let q(z), Q(z) be polynomials such that Q(z) is not a constant and q(z) ≡ . If f is a finite order entire solution of the difference equation
f (z) n = q(z)e Q(z) f (z + c) m ,(  )
then the solution f is of the form f = e α(z) , where α(z) is a nonconstant polynomial.
Some ideas of this theorem are from [] . Recall the following theorem about the nonexistence of wandering domains for a class of entire functions, which is due to Baker [].
Theorem C Let P and Q be polynomials with Q nonconstant, then
has no wandering domains. Particularly, the form f = P  e Q  for polynomials P  , Q  is a special case of ().
Combining Theorem  and Theorem C, obviously, we have the corollary below.
Corollary  Under the hypothesis of Theorem , every finite order entire solution of ()
has no wandering domains.
Preliminary lemmas
The following lemma introduced by Laine 
Lemma  ([]) Let w(z) be a transcendental meromorphic solution of finite order of the difference equation P(z, w) = , where P(z, w) is a difference polynomial in w(z) and its shift. If P(z, a) =  for a slowly moving target function a, that is, T(r, a) = S(r, w), then
m r,  w -a = S(r, w).
Lemma  ([])
Let f (z) be a meromorphic function with order σ = σ (f ), σ < +∞, and let c be a fixed nonzero complex number, then for each ε > , we have
The following result is due to Valiron and Mohonko, one can find the proof in Laine's book [, p.].
Lemma  Let f be a meromorphic function. Then, for all irreducible rational functions in f ,
where d = max{p, q} and
In the particular case when
Proof of theorems
Proof of Theorem  By the assumption of σ (f ) < ∞, Lemma  and (), we have
Then, by Lemma  and Lemma , we get that
Thus, we obtain max{t, n} ≥ p.
On the other hand, by (), Lemma  and Lemma , we have
Then we have p ≥ n -t.
Proof of Theorem  Suppose that f is a transcendental meromorphic function of () with finite order. Set
Since Q(z, a) = a n ≡ , by Lemmas ,  and (), we obtain that
Additionally, it follows from () that a is a Picard value of f c . By the first main theorem of Nevanlinna theory, this implies that
which is a contradiction. Thus, every finite order meromorphic solution of () is rational. 
Proof of Theorem
which shows that deg(Q) ≤ σ (f ). Hence σ (f ) = deg(Q).
